Bandgap formation and multiple scattering in photonic quasicrystals.
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We consider a two-dimensional Penrose tiling [1]. In our investigation, we decided to
consider a finite number of rods in a homogeneous host medium. The method is based
on a multipolar expansion of the fields around (and inside) each cylindrical rod [2,3]. This
method has also been recently applied to the study of the local density of states (LDOS)
in two-dimensional finite photonic crystals [4].

We show that long-range interactions are involved in the formation of bandgaps with
two-dimensional finite-size Penrose-type photonic quasicrystals. The nature of some of
the bandgaps can be related, via a simple model, to the Fourier spatial spectrum of the
permittivity profile. Unlike these bandgaps, others cannot be explained through simple
first-order approximations, indicating that this bandgap stems from multiple scattering
processes. To the best of our knowledge, this represents the first example where this
phenomenon is shown clearly. The physical mechanisms involved in photonic
quasicrystals are quite different from those encountered in connection with photonic
crystals, and opportunities of new applications could follow from their full understanding.
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